Synthesis of a Tetrahydrofuranyl β-Amino

Cyclopropyl(furan-2-yl)methanol (3a)
A solution of bromocyclopropane (9.44 g, 120 mmol) in diethyl ether (40 mL) was added dropwise to a suspension of activated magnesium (3.79 g, 156 mmol) in diethyl ether (150 mL) under nitrogen. After the completion of addition, the yellow mixture was heated at reflux for 2 hours. A solution of furfural (5 g, mmol) in diethyl ether (40 mL) was added slowly and the mixture was heated at reflux for a further 3 hours.
The mixture was cooled in an ice bath and quenched with NH 4 Cl until effervescence stopped. The layers were separated and the aqueous phase was re-extracted with diethyl ether (3 × 60 mL), dried (Na 2 SO 4 ) and concentrated in vacuo. (E)-2-(4-Bromobut-1-en-1-yl)furan (4b)
Chlorotrimethylsilane (2.55 g, 23.4 mmol) and 2,6-lutidine (2.55 g, 24 mmol) were added slowly to a mixture of cyclopropyl(furan-2-yl)methanol (3) (2 g, 14.5 mmol), lithium bromide (1.86 g, 22 mmol) and n-Bu 4 NBr (0.396 g, 1.2 mmol) in dry dichloromethane (60 mL) at room temperature. The mixture was stirred for 12 hours.
Aqueous HCl (2M, 20 mL) was added. The organic layer was separated, washed with potassium carbonate solution, and brine, then dried (Na 2 SO 4 ) and concentrated in vacuo. The residue was purified by flash chromatography on silica gel eluting with hexane to afford furan (4b) as a colourless oil (80 %, 2.32 g). 2962, 2360, 1489, 1427, 1257, 1149, 1010, 956, 794, 732 . (1S,2R)-4-Bromo-1,2-dihydroxy-1-(1'-furyl)-butane (5) Methanesulfonamide (0.7 g, 7.4 mmol) and (E)-2-(4-bromobut-1-en-1-yl)furan (4b) (1.5 g, 7.4 mmol) were added to a solution of AD-Mix-β (10.4 g) in 1:1 t-butyl alcohol-water at 0 ºC. After two hours, potassium osmate (5 mg) was added and stirring was continued at 0º C overnight. Solid Na 2 S 2 O 5 (7.4 g) was added and the mixture was stirred at room temperature for 30 min. The mixture was extracted with ethyl acetate (30 mL). The organic layers were washed with aqueous KOH (1M), aqueous HCl (0.5M) and brine, then dried (Na 2 SO 4 ) and concentrated in vacuo. The crude diol 5 was used for the next reaction without any purification.
(+)-(2S,3R)-2-(Furan-2-yl)tetrahydrofuran-3-ol (6)
Powdered sodium hydroxide (280 mg, 7 mmol) and n-Bu 4 NBr (75 mg, 5 mol%) were added to a solution of of diol (5) (1.1 g, 47 mmol) in toluene (15 mL). The mixture was stirred at room temperature for 2 hours. Water 20 mL was added and the mixture was extracted with dichloromethane (3 × 20 mL). The combined organic layers were dried (Na 2 SO 4 ) and concentarted under reduced pressure. The residue was purified by flash chromatography on silica gel, eluting using a hexane and ethyl acetate mixture (90:10, v/v) to give tetrahydrofuran (6) as a colourless oil (70 %, 0.508 g).
[α] D 25 = +74.2 (c 1.0, CHCl 3 ). 3410, 2947, 2893, 1635, 1504, 1327, 1188, 1149, 1056, 925, 740 . 66.5, 72.9, 78.9, 108.9, 110.5, 142.7, 150.9 . 
MS (ESI
(+)-2-((2S,3S)-2-(Furan-2-yl)tetrahydrofuran-3-yl)isoindoline-1,3-dione (7)
Diisopropyl azodicarboxylate (2.55 g, 12.6 mmol) was added to a solution of tetrahydrofuran (6) (1.5 g, 9.74 mmol), phthalimide (1.86 g, 12.6 mmol) and Ph 3 P (3.31 g, 12.6 mmol) in anhydrous THF (25 mL) at room temperature. The mixture was stirred for 4 hours. Water (30 mL) was added to the mixture and the aqueous phase was extracted with ethyl acetate (3 × 30 mL). The combined organic layers were washed with brine and dried (Na 2 SO 4 ) and concentrated under reduced pressure.
The residue was purified by flash chromatography on silica gel eluting with hexaneethyl acetate mixture (90:10, v/v) to give phthalimide (7) as a colourless solid (60 %, 1.62 g).
M.P.: 223-225 ºC.
[α] D 25 = +235.7 (c 1.0, CHCl 3 ).
ν max /cm -1 (neat): 3201, 2924, 1712, 1604, 1465, 1381, 1303, 1242, 1049, 910 . 68.0, 74.3, 108.8, 110.3, 123.5, 131.9, 134.3, 143.4, 151.5, 167.9 . 
MS (ESI
(+)-(2S,3S)-2-(Furan-2-yl)tetrahydrofuran-3-amine (8)
Hydrazine hydrate (0.215 g, 6.74 mmol) was added to a solution of phthalimide (7) (0.636 g, 2.23 mmol) in methanol (10 mL). The mixture was heated at reflux for 12 hours, then cooled to room temperature. The precipitate was removed by filtration and the filtrate was concentrated under reduced pressure to give amine (8) as a colourless oil (93 % (0.320 g) which and used in the next reaction without purification. 
(+)-(9H-Fluoren-9-yl)methyl((2S,3S)-2-(furan-2-yl) tetrahydrofuran-3-yl)carbamate (9)
Sodium bicarbonate (0.329 g, 3.92 mmol) was added to a solution of amine (8) (0.5 g, 3.26 mmol) in dioxane-H 2 O (9:1 mL). After 5 min, Fmoc-Cl (1.01 g, 3.92 mmol) was added and the mixture was stirred at room temperature for 2 hours. Water (10 mL) was added to reaction mixture and the aqueous phase was extracted with ethyl acetate (3 × 30 mL). The combined organic layers were washed with brine and dried (Na 2 SO 4 ) and concnetrated under reduced pressure. The residue was purified by flash chromatography on silica gel, eluting with a hexane-ethyl acetate mixture (90:10, v/v) to give carbamate (9) as a colourless solid (84 %, 1.02 g).
M.P.: 128-130 ºC.
[α] D 25 = +23.0 (c 1.0, CHCl 3 ).
ν max /cm -1 (neat): 3325, 3062, 2931, 1735, 1689, 1535, 1450, 1373, 1242, 1049, 918, 732 . .7, 47.2, 55.6, 66.6, 66.9, 79.1, 107.7, 110.2, 120.0, 124.9, 127.0, 127.7, 141.3, 142.7, 143.8, 152.4, 155.7 . Ruthenium trichloride hydrate (55 mg, 0.026 mmol) was added to a solution of sodium periodate (1.98 g, 9.33 mmol) in a mixture of EtOAc (1.5 mL), CH 3 CN (2 mL) and water (1 mL) at 0 ºC. The mixture was stirred for 15 min, then carbamate (9) (0.5 g, 1.33 mmol) in minimum EtOAc solution was slowly added. The mixture was stirred for an additional 10 min. Water (10 mL) was added and the mixture was extracted with EtOAc (2 × 15 mL). The combined organic layers were washed with NaHCO 3 (20 mL) and acidified with 2M HCl then extract with ethyl acetate (3 × 15 mL). The combined organic phase was dried over anhydrous Na 2 SO 4 and concnetrated under reduced pressure to give amino acid derivative (1) (85%, 400 mg).
MS (ESI
M.P.: 90-92 ºC.
[α] D 25 = +40 (c 1.0, DMSO). H and 13 C spectra of (+)-(2S,3S)-3-((9H-fluoren-9-yl)(methoxy)(carbonyl)amino)tetrahydrofuran-2 carboxylic acid (1)
